This work is to propose a structural design and analysis procedure for development of the low noise small wind turbine system which will be applicable to relatively low speed region like Korea and for the domestic use. The proposed structural feature has a skin-spar-foam sandwich composite structure with the Eglass/Epoxy face sheets and the Urethane foam core for lightness, structural stability, low manufacturing cost and easy manufacturing process. Moreover this type of structure has good behaviours for reduction of vibration and noise. Structural analysis including load cases, stress, deformation, buckling, vibration and fatigue life was performed using the Finite Element Method, the load spectrum analysis and the Miner rule. In order to evaluate the designed structure, the structural test was carried out and its test results were compared with the estimated results. *
INTRODUCTION
Recently, development of alternative energy for the fossil fuels is very hectic. Especially, the wind turbine energy to the electronic energy usefully is very clean. Therefore studies on the wind energy are actively progressive. These days, trend of the wind turbine system development has been toward much larger scale over several MW classes. Large scale wind turbine system over several MW is needed lots of things like a huge wind farm area provided from a state and the others. However, because the small-scale wind turbine system has some advantages, e.g., it can be built by a single person at low cost, and has energy saving effects, it has been continuously developed. Also, fatigue life of the wind turbine system is improved by applying composite materials. Currently, because most commercialized the small scale wind turbine systems have been designed with the rated wind speed more than 12m/s, they show great reduction of aerodynamic efficiency in the low wind speed region like Korea [1, 2] .
In this study, aerodynamic and structural design for 1kW-class wind turbine system that can have the low noise character for using in local area or at home, was performed. Material applied this blade is the glass/epoxy that has economical and good structural performance. The structural test is needed to compare the analysis results with the real structural behaviours. Through this design and analysis, the proposed design feature's feasibility was verified [3] . Table 1 shows the wind turbine system specification including 1kW rated power, 12.8m/s rated wind speed, NACA 632-615 airfoil, three blades, 2.454m blade diameter and 22.6 degree twist angle. For electric power generation, AFPM(Axial Flux Permanent Magnet) generator that is the gearless direct drive type will be used for design simplicity. Detail results of the aerodynamic design are showed in Table 2 . 
AERODYNAMIC DESIGN RESULTS

STRUCTURAL DESIGN RESULTS
The aerodynamic loads and the centrifugal forces are mainly acting on the blade. The centrifugal forces can be simply calculated from rotational speed, and the aerodynamic loads are calculated by aerodynamic coefficients in several load cases which are in Table 3 . The bending loads can be defined from the normal force distribution acting on each section of the blade, and those are changed depend on wind speed and incidence angle. Therefore the bending loads must be calculated by consideration of operating conditions. According to the load analysis, the load case 2 is severe condition. Therefore, the structural design was carried out by being based on the load case 2. The blade adopts the skin/spar/foam sandwich structure, and the skin and spar are layered with the proper lamination angles and thickness [4] .
By the typical composite design method such as the netting rule and the rule of mixture, initial structural design is carried out, and then it is repeatedly modified by structural analysis. Table 4 shows the final structural design results. 
STRUCTURAL ANALYSIS RESULTS
In order to perform the structural analysis, a finite element code, MSC. Nastran, was used. In this analysis, linear static stress analysis, eigenvalue analysis and buckling analysis were carried out. Also intra-lamina failure criterion that is the Tsai-Wu failure criterion was used [5] . The centrifugal loads were applied, and boundary condition was assumed that the blade root is fixed. Distributed loads were applied on the blade along length direction. According to the analysis results, it was confirmed that the blade is safe for strength. Table 5 shows the linear static analysis result and its safety factors. The natural frequency analysis result for finding resonance possibility shows that the blade is safe at the rated rpm. Moreover because the minimum buckling load factor is 4, the blade is too safe from buckling. The results of linear static analysis are shown in Figs. 1 and 2 . 
MANUFACTURING AND STRUCTURAL TEST OF BLADE
First, the mold was manufactured for the prototype blade, and glass fabric was layered-up with the structural design result. In order to the analysis results, the structural test must be performed. In this study, a sub-scale model using same design method was manufactured, and the test results were compared with structural analysis results. The structural test of the sub-scale blade was conducted by the hydraulic structural test machine which can adjust the applying forces to a structure with 3 hydraulic cylinders and controller. In this test, the design load is applied to a concentrated load position for simplicity. Figure 3 shows that the blade is failed over the design load. 
CONCLUSIONS
In this work, structural analysis and test of the aerodynamic and structural design feature of the 1kW-class wind turbine blade were performed. Through the structural analyses such as the linear static analysis, the bucking analysis and the natural frequency analysis, it was confirmed that the structural design feature is safe as well as stable. This study proposed the proper structural test method to be applied to the full scale prototype through the sub scale model structural test.
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